The emergence of capsule endoscopy has enabled a new opening for the visualization of the gastrointestinal (GI) tract in a comfortable way for the patient. Existing modified endoscopic methods are limited to the visualization of tissue surface. When compared with other techniques ultrasound imaging technique provides transmural information of the tissue wall. This paper exhibits a mechanical scanning device based on ZigBee which is combined with high frequency ultrasound (HFUS) imaging to explore the possibilities of ultrasound capsule endoscopy (USCE) and are also able to offer good image resolution of lumen wall. For analyzing the processed data on real time basis for long distance communication, ZigBee has been employed. The analyzable circular images of tissue will obtain when a rotary solenoid-coil based motor is being used. For high resolution imaging, an HFUS transducer having 39MHz central frequency is used. Ultrasound pulse excitation is made possible by using an Insulated-gate bipolar transistor. Hence this technique give basis of the manufacturing of a USCE device
wirelessly to an external receiver held by the patient. The images that are captured from the human body is collected by the computer and the data's are analyzed [13] . A transmitted radio-frequency signal can be used to detect the actual position of the capsule inside the body. The development of ultrasonic capsule endoscopy made a drastic change by overcoming the surface only imaging limitation of other diagnostic techniques and provides transmural information of the tissue wall.
To produce a high resolution ultrasound image, here the high frequency ultrasound is validated in an ultrasonic capsule format. As HFUS provides necessary imaging resolution along with the portrait of lumen wall its layers can also be identified. To obtain circular images of the tissue a rotary solenoid-coil based motor is employed as it reduces the complexity when compared with other techniques. For pulse generation and imaging processing an imaging platform is established. The use of ZigBee module provides a long distance communication.
II. RELATED WORKS
To obtain biological information including metabolic and molecular function of the specified tissue, new strategies such as specific molecular probes and scaled down scanning mechanisms are being developed [14] . In Endoscopic ultrasound (EUS) technology which is a combination of endoscopy and ultrasonography technology, visualization of organs such as lung, liver, pancreas and lymph nodes are provided [15] [16] [17] . It also helps to view the lesions inside the gut wall. EUS has a significant role in the diagnosis of cancer [18] . It is used in the upper digestive tract and in the respiratory system. The drawback is that, for the patient the procedure feels almost identical to the endoscopic procedure. Video capsule endoscopy (VCE) introduced a new technique in which through a painless procedure the remote diagnostic assessment of the GI tract is made possible. It eliminates the complexity of the endoscopy method. The size of the device is so small such that it can be swallowed and can have access to the GI tract. The miniature camera integrated in the device captures the images of GI tract and transmits them wirelessly through the human body to an external database. From there the data can be send to a workstation for image processing and diagnosis [19] . The drawback is that the visualization is limited to the tissue surface so that information within the lumen wall cannot be conquered by this technique.
To reduce the mechanical complexity, an array-based USCE technology has been developed to improve the imaging frame rate. A radial array transducer is used instead of mechanical parts which is able to scan electronically for circular imaging [20] [21] . The limitation is that it is difficult to fabricate an array transducer and the necessary circuits in the restricted space within a capsule. To obtain a sectional view of the tissue, a rotating mirror concept was developed to reflect the US wave with an unfocused US transducer with 10 MHz center frequency was considered for capsule applications [22] [23] .The limitation is that by the use of a conventional ultrasound frequency the image resolution is limited. Capacitive micro machined ultrasonic transducers (CMUTs) with a CMUT array and 5MHz ultrasound frequency have also been developed for capsule ultrasound applications [24] [25] [26] . CMUTs are a kind of transducers whose energy conversion is due to change in capacitance. But it is not able to provide high resolution images of the lumen wall.
III. PROPOSED SYSTEM
To explore the potential for wireless USCE, a mechanical scanning device incorporated with HFUS imaging and ZigBee is presented in this paper. This is a new method for capsule implementation. The important part is that it provides high quality imaging with reliable capsule operation. For high resolution ultrasound imaging, a single element HFUS transducer is used here. To gain a circular view of the tissue the transducer is rotated in an oscillatory way otherwise it will be in a continuous rotation manner. An external imaging platform is also used for imaging evaluation. The introduction of the mechanical scheme eliminated the need of miniature slip rings and their adverse effect on low amplitude and high frequency electrical signals, as a result the control is simplified. As the motor does not need to work continuously power consumption is also reduced. Here the center frequency of the transducer is designed to be at 39MHz for better operation.
A microcontroller unit (MCU) or a field programmable gate array (FPGA) can be used as a processor. FPGA is an integrated circuit that is configured by a customer after manufacturing. FPGA configuration is generally specified using a hardware description language. Here FPGA is used to control the workflow of the whole platform. High switching speed insulated-gate bipolar transistor (IGBT) can be used for US pulse excitation. IGBT exposes the simple gate-drive characteristics of MOSFETs with the high-current and low-saturation-voltage capability of bipolar transistors. IGBT is preferred as it has a significantly lower voltage drop than a conventional MOSFET. As a result to generate a bipolar high voltage pulse for US imaging IGBT is used. A low noise amplifier and bandpass filter is required to process the received echo signals. As the low noise amplifier amplifies the weak signals that are received by the antenna and also it is located close to the detection device such that to reduce losses in the feed line. The band pass filter passes the signals within a certain band of frequencies without distorting the input signal and introducing extra noise. A power regulator is used to boost the low supply voltage (5V) from the lithium battery to a high voltage (+48 V) for pulse generation. For wireless communication an antenna is employed with an external workstation.
A micro-coaxial cable is used to connect the scanning device and the imaging platform. The imaging platform is used to evaluate the key parameters of electronics for USCE. It is implemented on a printed circuit board along with pulse generation and data acquisition circuits. The amplitude and center frequency of the excitation pulse can be adjusted to optimize the performance. A high speed analog to digital converter (ADC) is used for the digitization of the received US echo signals. Radio frequency (RF) signals are given as input to the ADC. Thereafter for fast imaging the LNAs are processed directly by the FPGA within a small physical volume including digital filtering and envelope detection. The processed image data are then transferred to a computer through a Wi-Fi interface which is implemented with a module based on a commercial wireless transceiver. A ZigBee module is used in the system for long distance communication. The ZigBee module is connected to the processor and the ZigBee receives processed digital signal and it is given to a transmitter antenna. As ZigBee is used the processed data can be transmitted to a distant location within the range of ZigBee or can transmit data over longer distance bypassing data through a mesh network of intermediate devices to reach more distant ones 
IV. CONCLUSION AND FUTURE SCOPE
A ZigBee based scanning system is developed to explore the possibilities of USCE by combining a mechanical scanning device with HFUS imaging. The use of ZigBee enhances the possibilities of the system in such a way that the experts from different region can analyze the data on real time basis. To obtain a circular view of the lumen wall an HFUS transducer has been rotated using a solenoid-coil motor and gear set. In future work, the colonoscopy technique replacing by ultrasound capsule endoscopy is also considered. Combining ultrasound imaging with optical imaging in one capsule is also a strong impact which can be considered.
